SUMMARY The new emulsion formulation of di-isopropyl phenol (propofol) was compared with methohexitone and thiopentone for induction of anaesthesia in day cases. Propofol produced significantly smoother induction of anaesthesia, but caused more cardiovascular and respiratory depression. Pain on injection was significantly less than with methohexitone. Post-anaesthetic recovery was superior with propofol, with virtual absence of side effects, and rapid recovery with little impairment of psychomotor function 30 min after anaesthesia.
Informed consent was obtained from each patient and the study approved by the Hospital Ethics Committee.
Each patient was instructed in the use of the Leeds Psychomotor Tester. This is a compact, portable, simple apparatus capable of measuring Critical Flicker Fusion Threshold (CFFT) and Choice Reaction time (CRT) scores (Hindmarch and Parrott, 1977) . For CRT measurement the subject scans an array of six small lights which are illuminated on a random basis. As soon as he detects the light he touches the appropriate button to extinguish it. The latency of this response is an assessment of integrity of sensori-motor function and an accurate measure of psychomotor performance. The distance the subject has to move his hand to touch the response button is the same for each light, making it possible to measure motor time separately from recognition time. The CFFT is a sensitive index of the state of CNS arousal and the ability to integrate discrete units of sensory data. In this assessment the subject is required to detect nicker fusion in a set of four light emitting Downloaded from https://academic.oup.com/bja/article-abstract/57/8/725/416033 by guest on 16 April 2019 diodes in foveal fixation at 1 m using alternately ascending and descending frequencies.
After familiarization with the apparatus, each subject had 50 practice attempts with the CRT test before base-line pre-operatdve CFFT and CRT scores were recorded. This is recommended by the designers, to preclude any possible learning effect» interfering with assessment of performance. The CRT was taken as the mean of 25 response times following five practice attempts on each occasion and the CFFT as the mean of six results, three on the ascending scale and three on the descending. On each occasion care was taken to ensure correct positioning of the apparatus and constant ambient lighting.
A control group of 20 patients, matched with the. three study groups for age, sex and weight, also underwent psychomotor testing under conditions identical to those of the study group. These were patients who had not undergone surgery within 5 days of the testing and who were not receiving psycho-active drugs.
No premedication was given and anaesthesia was induced by the injection of propofol 2.5 mg kg" 1 , 1% methohexitone l.Smgkg" 1 or 2.5 % thiopentone 5 mg kg" 1 , over a 20-s period, to a peripheral vein, on the dorsum of the hand. The induction time was noted (time from start of injection to cessation of counting), as were any complications during induction such as feelings on injection, movement, apnoea and other respiratory problems. The overall quality of induction was graded by the anaesthetist (the same individual in every case). Anaesthesia was maintained with 66 % nitrous oxide in oxygen supplemented with enflurane. This was administered in a standard manner, the inspired concentration being increased rapidly to 5% until surgical anaesthesia was achieved, and then reduced to 2-2.5 % thereafter. Heart rate and arterial pressure were recorded before induction and at 2-min intervals throughout the procedure; any adverse effects were noted. The anaesthetic gases were discontinued at the end of surgery and the patient transferred to a recovery area, where the time to opening eyes on command and repeating date of birth were recorded by an independent observer who was unaware of the induction agent used. The patient was then returned to the ward, where recovery was further assessed by measurement of CFFT and CRT scores at 30 min, 60 min, 90 min and 120 min from the end of anaesthesia. These were carried out by a second anaesthetist who was again unaware of the patient's group. Any adverse effects during this period such as headache, nausea and vomiting were noted and the i.v. injection site inspected, before the patient's discharge home, for any venous complications, such as phlebitis or thrombosis.
The results were analysed statistically using t tests, Chi-squared tests and Fisher-Irwin exact probability tests, where appropriate.
RESULTS
A total of 60 patients were studied, randomly allocated to three groups receiving propofol (n = 20), methohexitone (« = 20) or thiopentone (n = 20). The durations of the surgical procedures were similar in the three study groups (table I) .
Induction and maintenance of anaesthesia
The induction time was not significantly different in the three groups at around 30 s (table  II) . However, there were important differences between groups with regard to complications on induction.
Feelings on injection occurred in 16 patients receiving propofol, but this was described as coldness in 11 of these and as pain in only five; in these five patients the pain was either mild or moderate. With methohexitone, no patient reported coldness on injection, but 11 complained of pain and in five this was severe. In the thiopentone group, three patients described coldness on injection, but none complained of pain. In all patients the injection was given to a small vein on the dorsum of the hand and in no patient was there evidence of venous problems 4 h later, before discharge home. Statistically significant differences were seen also between the groups with regard to the development of apnoea after induction, with six patients in the propofol group having apnoeic periods of greater than 60 s (two at 120 s), compared with none in the other two groups.
Propofol also caused more marked decreases in systolic arterial pressure in the first 2 min after induction, with more than half the patients in this group experiencing decreases of more than 20 % compared with less than one-quarter in the other groups. The mean decrease in systolic arterial pressure in the propofol group was 30 mm Hg, compared with 18 mm Hg in the other groups. This decrease was more pronounced in those patients with higher systolic pressures initially: those with systolic arterial pressures > 130 mm Hg had a mean decrease of 41 mm Hg, compared with a 20-mm Hg decrease in those with lower initial pressures. All groups showed an increase in heart rate, 2 min after induction, of between 10 and 15 beat min" 1 , but there were no significant differences between the groups.
Involuntarymovementoccurred in three patients receiving propofol, in nine receiving methohexitone and in one receiving thiopentone. Induction of anaesthesia was particularly smooth in the propofol group, no patients experiencing cough or hiccup, compared with four receiving methohexitone. A surprisingly high percentage of patients in whom anaesthesia was induced with thiopentone (35%) had problems with cough or hiccup at induction, and this almost certainly reflects an inadequate induction dose: 5 mg kg" 1 was used for all patients, but in some this was clearly insufficient and three required additional supplements to induce anaesthesia. These findings were reflected in the subjective assessment of quality of anaesthesia (table III) . Induction was good or adequate in all patients in the propofol group, whereas in five from the methohexitone group and seven from the thiopentone group, induction was judged to be poor. There were no differences between the groups with regard to the quality of anaesthesia during the maintenance period.
Postoperative period
The frequency of complications after operation is given in table IV. None of the patients in the propofol group experienced any minor postoperative sequelae, while a significant number of those in the thiopentone group were unduly drowsy, requiring prompting in the use of the psychomotor tester, or suffered headaches in the period after operation. A few patients in the methohexitone group experienced minor problems, but this did not reach statistical significance.
The crude indices of recovery of time to open eyes and repeat date of birth after discontinuation of anaesthesia are also shown in table IV. Both were very markedly prolonged in the thiopentone group, while the time to repeat date of birth was also significantly longer with methohexitone than with propofol.
The results of the psychomotor studies are tabulated in table V and displayed graphically in figures \-A. The CFFT and CRT values were all significantly impaired in the thiopentone group at 30, 60 and 90 min into the postoperative period, and some residual impairment was still present at 120 min. With methohexitone, all indices were significantly impaired at 30 min, returning to normal between 60 and 90 min. Patients receiving propofol showed no significant impairment of psychomotor function 30 min following anaesthesia, apart from the motor component of the CRT test, which had returned to normal by 60 min. The control group showed no significant differences in either CFFT or CRT scores at any of the recording times.
DISCUSSION
This study confirms that propofol possesses many attractive features as an induction agent for day-case anaesthesia. Quality of induction was superior to that of methohexitone or thiopentone and there was little problem with excitatory side effects. Pain on injection was encountered, but in no patient was this severe. Apnoea occurred more commonly with propofol, but this was not a problem clinically as a consistent feature of the drug was the toleration of an oral airway by the patient-which made a short period of manual ventilation via a face mask simple. There was also more cardiovascular depression with propofol than with the other two drugs. While the introduction of enflurane may have contributed slightly to the cardiovascular depression, this cannot account for the greater decrease in systolic arterial pressure in the propofol group, since the respiratory depression in this group would result in less enflurane being inspired. It is likely that these findings reflect a relative overdosage for induction. Previous studies with the Cremophor formulation showed a dose-related respiratory and cardiovascular depression. Significant apnoea and hypotension occurred in the majority of patients receiving doses greater than 2 mg kg" 1 , but were rare in those receiving less (Briggs et al., 1981) . In our study all patients received 2.5 mg kg" 1 to ensure successful induction in every patient, although a smaller dose would probably be suitable for routine clinical use, and we would concur with Briggs' suggestion of 2.0 mg kg" 1 as a satisfactory induction dose for the Cremophor formulation, equating this to thiopentone 4-5 mg kg" 1 .
Quality of maintenance was similar in all groups, reflecting the standard technique used. While, in 13% of patients, this was described as poor, usually on account of airway problems, all procedures were carried out successfully. Recovery was superior in all respects in the propofol group. Minor postoperative side effects were not seen and recovery was significantly faster, both as assessed by the crude indices of eye opening and repeating date of birth, and by the more sophisticated tests of psychomotor function.
Previous studies with the original Cremophor EL formulation suggested its suitability for day-case anaesthesia. Desirable properties included rapid, smooth induction of anaesthesia, relative freedom from excitatory effects, almost total absence of emetic sequelae and rapid recovery (Kay and Stephenson, 1980; Rutter et al., 1980; Briggs et al., 1981) . However, these were countered by the high incidence of pain on injection and the risk of hypersensitivity reactions to Cremophor (Briggs, Clarke and Watkins, 1982; Glen, Hunter and Thomson, 1982) , hence the search for a new solubilizing agent. Recent animal work using the new emulsion formulation (Glen and Hunter, 1984) indicated that this has anaesthetic and haemodynamic effects similar to those of the Cremophor formulation. Behavioural responses also suggest that it produces less discomfort on injection. Our clinical findings would appear to bear this out.
Day-case anaesthesia forms an important part of present day anaesthetic practice and it is likely that this will increase in the current financial climate. Many techniques and agents have been investigated for out-patient use, but none has received universal support (Atkinson, 1982; Loder, 1982) . Most authorities would consider rapid recovery as an essential component of day-case anaesthesia, but this is often difficult to assess objectively. Suggested tests of recovery are legion, and vary from the very basic to the extremely complicated (Vickers, 1965; Doenicke, Kugler and Laub, 1967; Dixon and Thornton, 1973; Craig, Cooper and Sear, 1982) .
Recovery of street fitness implies a return of psychomotor function to normal. In a comprehensive review of the available tests of psychomotor function, Hindmarch (1980) concluded that critical flicker fusion threshold is the assessment of choice for investigation of change in the overall integrative activity of the central nervous system produced by psycho-active drugs, and that choice reaction time is a very sensitive measure of drug-induced changes in sensori-motor performance, particularly if it is split into its motor and recognition components. We chose these sensitive tests to assess postoperative recovery in our study, along with the gross recovery parameters of times to open eyes and repeat date of birth.
Maintenance of anaesthesia was identical for all patients, consisting of 66 % nitrous oxide in oxygen supplemented with enflurane. It is, therefore, reasonable to attribute differences in side effects and recovery times after operation to the different induction agents used. Previous studies have shown that, for short procedures, the effects of i.v. induction agents are longer lasting than those of the volatile agent (Hannington-Kiff, 1970; Gale, 1976) . In all assessments of recovery, propofol performed significantly better than the other agents.
In conclusion, the new emulsion formulation, propofol, would appear to be a suitable induction agent for day-case anaesthesia. We have demonstrated its superiority to methohexitone, and the other serious contender, Althesin, has recently been withdrawn from use. Induction is rapid and smooth, pain on injection less of a problem than with the old formulation or with methohexitone; recovery is rapid and pleasant with freedom from side effects. Although cardiovascular and respiratory depression occur, they are probably dose-related and do not appear to present serious clinical problems.
